PCT 



jggj jpp jgjjc 



(51) @®4$ffc*Hii6 

C30B 29/06, H01L 21/322 



Al 



(11) m\&<&m&*ir 
(43) m&teMn 



W099/57344 



19993M 1^110(11.11.99) 



(21) m&mm&%- 

(22) ®8BfcrjP0 
(30) &9tfe?—? 

#^¥10/122284 
#J®¥l0/224829 
#^¥11/084915 
mmW-l 1/084916 



PCT/JP99/02336 



1999^4^ 309(30.04.99) 



1998^5^ 1 0 (01.05.98) JP 

1 998¥8^ 7 0 (07.08.98) JP 

1 999^3^ 26 0 (26.03.99) JP 

1999^3^ 26 0 (26.03.99) JP 



(7i) mmx (*m*f&<'t'<x<Dmfemiz^x) 

^0#§^#5fc£tf± (NIPPON STEEL CORPORATION)[JP/JP] 
T 100-8071 My£&=mmK±^BTr.T36m%r Tokyo, (JP) 

(NSC ELECTRON CORPORATION)[JP/JP] 

T 104-0032 *JMK**IZAT*HTB1I#I2-* Tokyo, (JP) 



(72) ; *5<fctf 

(75) 38iE#/fflJSA OfeSMO^TO)*) 
flfc &(IKARI, Atsushi)[JP/JP] 
^^$CHfi:ll(HASEBE, Masami)[JP/JP] 
^^(NAKAI, Katsuhiko)[JP/JP] 

3fe (SAKAMOTO, Hikaru)[JP/JP] 
Xffi ®(OHASHI, Wataru)[JP/JP] 

T2ii-oo35 &&)\\m)miti*m&ftmTU35*\& 

mB*mm&t&££#. Kanagawa,(JP) 
M^H(HOSHINO, Taizo)[JP/JP] 
^^^^(IWASAKI, Toshio)[JP/JP] 
T743-0063 Ujnmftm;*:^ffl3434#ife 
-yr7^f^^±f^ Yamaguchi, (JP) 
(74) tt&A 

Affl#*6, ^(HATTA, Mikio et al.) 

t 102-0084 jocsb^bb:- #wrn#«&9 

^■Y T'< U^Zl#0r Tokyo, (JP) 
(81) if £g DE, KR, US 

smuggles 



(54)Title: SILICON SEMICONDUCTOR WAFER AND METHOD FOR PRODUCING THE SAME 

(54)38!flo£!fc i/V a ^*W*S«-Rt^^o«5S*fe 




(57) Abstract 

A silicon semiconductor wafer made of a silicon single crystal grown by the Czochralski method by using molten silicon containing 
nitrogen at a concentration of lxl 0 16 atoms/cm 3 to 5xl0 19 atoms/cm 3 and by heat treating the wafer at a temperature of 1000 °C to 1300 °C 
for more than one hour, characterized in that the density of crystal defects having a size of above 0.1 urn in terms of diameter in the region 
extending at least to the depth of 1 um from the surface of the wafer is 10 4 cm" 3 or less, and the content of nitrogen at the center in the 
direction of the thickness of the wafer ranges from lxlO 13 atoms/cm 3 to lxlO 16 atoms/cm 3 . 
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I/cm s WTkr*iikl*HIi"C**. WMBB5 9 - 2.0 2 
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<£S:ii:#D. Gr a f m \Z «t o T$BS * tiT l> 5 (The Electrochem 
ical Society Proceeding Vol. 96-13, ppll7, 1996)# N CCD^*r:X 
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K. Kakumoto, et al.; Proceedings of The 2nd International Sympo 
sium on Advanced Science and Technology of Silicon Materials, p. 
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0 . 1 #mJa±®*&il*Pil&©»fta i 5 x l 0 4 M/cm 3 filT^fcSC 

1 . 0 x 1 0 13 atoms/cm 3 &L± 1 . 0 x 1 0 ,6 atom 
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0 nm6l±©tta&K©**#5 xlO^/cm 1 ttTTftSit* 

H/-h ^iMk^tr^^r^^^tC «fc Dit^bfe^> 'J3>#«glICD 
5 #B*»68!;* 1 Am*-C0**fc*^T* ttg**"C 0 . ljumfei±cD 
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W± 1 . 0 x 1 0 16 atoms/cm 3 &T^WUT&5CL g; UV> 0 
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15 fr^flfe^'J n ve?xASt77 h l^ - h >>xAt b^O^St:> it: 

#$gjym£fc> fa^5;U*-fii:J;t), IIM^p <=> 8 0 0 'CCD 
^Hfi&85H£ 2 . 0°C/^JU±O^^M^t?Wfifebfc^ U 3 >#*Sa 

^^ft^ftCJ:!)^ U 3 >#l8a* £fc ft ^ 
n >^#^^©M3t^^T-*5o 1. 0 x 1 0 18 atoms/cm 3 

tt± 1 . 5xl 0 19 atoms/cm 3 6lT0^4^tt 5 ^ U 3 >ii&ftffl 

• 25 #$§BJ3l±i;fcx f a^7;^*~SI:i D 8 0 O'C-4 0 OtO^I 
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1.5X1 0 "atoms/cm 3 WT©»*tMtSf U 3 >iliir&£ffl 

#$eBJ3ii£ f 3^7;i/X^-SC J: 0 Wf&bfci' U 3 >#*ga 

ts^-c. i§agi±wrt*©s/ y 3 >¥ttafi*&B9@ftfi>& 8 0 o°c© 

ffgHSSfSfflfc 2 . 0 °C/^-W±<D^a33tST*W^Us 5l£i^£8 0 

o°c~4 0 0 °ccD^aias$5H* 1 . o o c/#w_t©#SJM£-c*WjEifcb 

^©SiSKs iK^*i/ + ;i/SCJ; t) > U 3 >i£*§iiJf & 5 c 
itttsfcr*^ u 3 >*##*«©»an35fts-e»*. * 1. ox 

1 0 l6 atoms/cm 3 U± 1 . 5x1 0 ,9 atoms/cm 3 ttTOl^^tS^ 
U 3 >»tt*J|HTS/ U 3 >m^a=£WfiK1"5 C * bUo 

5=- a * ^ SWfSbfci' 'J 3 >#isa*»€>»fe*> U 3 
x/n£ 1 0 0 0 °CJil± 1 3 0 0 "CWTOSg-C 5 ^tti^ilSLfet 

1; n >#JKa®4iiai-Sc: bu 0 

038:^^ ^a^ai^g^^iS!mb«cv>Mmoc zJM&asi-tfcrs 
m 4 &mmum.tp b 8 0 o°c©)BB»ae«itt<D-r 2 . 
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0 a C/ft)ik±TZM>tftifC g £ «fc -5 if!§il#£l^g 20*ttSCZS/ij3 

#s §[±fif!lp#:JIjElc&^l=pjpigg£iS!gb, 8*i§EP;lJPTt- <& §l±tf 

ESS fit 8 0 0°Cfr£ 4 0 0°C®l&Il&&II*£©-f ^TGD$g*££ 1 . 
0'C/#tt±T£##T»S*J:5ie»#fi]§6«3 0 ft#r* C Z ^ »J 3 

§|±fif^#J^S£S&*§Ep;&Pgm&i9!Bb. S&t§EP;IJPTT-&§l±tf «I 

El 6 \±m 4 CD^fitc 8 0 0 °Cipe> 4 0 0 'C(Dl^^WLm.mW,(DT^<X<D 

mm* i . o*c/«-«±T?ft#a*-csa«fc-3isstt4PttB3 o s^ts 

C Z '> 'J 3 >^ig^M^^gomi3&EIT$. So fi£*§EPJn^®J±#fc:fai8 
UT^fcl^ 5l±tf^{fcJ12£8&*§EPflP^g£l9!Bb. a^EPSPTT' 

IB 1 ©iij&J;:&3*#gBJ§CDi> U 3 >^ig#g*fcfcfcx C Z&££ D*Jft 
±©>®Il:fcPI3©3&g£# 1 0 4 {@/cm 3 ttT"C**Clfctf*I"C»5. 
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5 £ 1 umCDmnt&^X, t^W ;* fc^fc &Pf5 £ fifc=fcT- £ *U£s SIR 
.tld^f St^W *©#@ t> £*iHfcI*>J±-e£ So ^RSS^i: LTfcfc 
#:®?gST* 1 0 4 I/cm 3 WTTftJiKl cmxl cmx l/zm<D 

lxl0 13 atoms/cm 3 W± lxl0 lfl atoms/c 
m 3 BIT, J:D*lfil<l±5xl0 13 atoms/cm 3 W± 1 x 1 
0 lB atoms/cm 3 BIT, c*e>£fcfc5xl0 1 ' , atoms/cm 
3 W± 1 x 1 0 1 6 a t o m s /c m 3 WT^tSuitfffSL^, 
15 i/ij3>Mitt^§iXt5utt,t^ «gaWlftlNr©j^^HBa 

gtflO 7 <E/cm 3 &,±<Dm%kffi&® if 5 tftS. il± 

gte*©&S£^WS#s lxl0 13 atoms/cm 3 
20 5fe»-Cfci£?L&Pfe*M** ; a£ ttflb < > lxlO"atoms 

/cm 3 m^tezti&miif&<offimtiL&At) j $>T<tet). stcmmi* 

ADM&R&tf-C S*>f<fc So S&*©MMfitts SIM 

S (Secondary Ion Mass Spectroscopy) Si^SCl fct<t £ $>] ^ c* 
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&m^&fe<Dm*&m&t>n s Q unftfefcis imst*$j 
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1 ^mC^lj-Slltlf 0 . 1 /LLmlSk±<DmgkiKl&<D<**l&&&&1R 

20 #§gfb&#H^©#fcM3i&^&M©ffi^fc£ d i®/c m 2 & 
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1 . 5 mm/m i nW±T% *£il*©Mf!iiim# 1 x 1 0 1 3 a t om 
s / c m 3 tt± lxlO 18 atoms/cm 3 fctt/ftf 5) s 

25 Bfr&flsj*bfc**f*a6«*JBv>3;ii:fc,fc & H Mftt^PfaSI^ (DZ 
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1 7 

Siiftttft^. #i&BJ§©M3iaj£fc§l Itli 1 0 0 0°CfcA±l 3 
10 0 0 °CWT, 100 •CBl± 1 2 0 0 'CWT^SlfSS. 

fflK#<S^fctt*©##i£«fc:£:*©l$H*RUs Ig^lt^Si:^ 

1 1 5 O'CJ^T-tti&Mfcfcftfcffc %li^«i^@CDlin(D@II^ 

3&j£&ffi< t- § s t ^ lo 0 re-at* <&w&d zm 
& - m © mmm t* f^es t z - a # *im -c z> s . 
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1 8 

5>-ri&g#&3C: -®^(-SIUT{i#IS¥ 9 - 2 9 7 1 5 8 

M©ISe©^&t£&£ D±H , *^i:* t -C&SClfc*»«bT 

fctK £©»JK&ffi^T*Mfl3tfrfcl&B*iBfc#:aEbfc c o p t: <> b£ 
¥HNb -r 5 c £ if We * s o 

#%©fctofc* Hi¥ 9-29715 8 ^©IIM^T £ fa«l*l££®i& 

20 -r n«&©;a$T&£o etTortSfcts M$g©fc»£*BJi*Bi#£. 

25 «it«I^5ppmJ;!3fv^> *§ii*|5iS©{aM#-f-#£fTi>ft;Sc n 
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1 9 

© n X B$ *p □ £ ft 4 # * a * * tt tt! S S *» ii i D f S • £ *» - AS « 

y *s*fiftw-fe««*#v^ *prt^©g&#Aii-fK^iiu©f?Hft&¥i& 

^t^i2>^T*$)5o tt±©£3fcfcl«©<S*»*tt£tT©J:5«:fPffl© 

nsm^^ uT#»flse#a»T?i±fc < . o . o i v o i % 

tt± 1 0 0 v o 1 96fitT*&«t*HSl*ffl^a ci £fcT* * 3 4^ u©l^ 

•ejijsufes *ftM*fcsxr3*#fc£©*«*9©M*»>3«>s;i 

©^is&tf^gft+c®^ bfctf* e>ft^o s 
^^©mt bTais%d j as bv\** N i o o v o i %mm#x*m^z 
d j: % qrie-c &5o m-£-a# o . oivoi %&mnib&k.* nmnx 
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2 0 

Ztz&lz \±mm* 0 . 5 //mttiiBtSM^feS, 
1 0 4 i/cm ! WTT-fe5^®«^PffiS©jl^ 

k(cttK t£;*«fc o ££fro:rn^;*?5&®Wf(fe*x#'J>&v^ 

2 OlS^tC^S^^BJ©^ 1 Ofii^©^ U 3 >^*#a«t±s 
ilttltfl. 0x10 "atoms/cm 3 U±l . 0x10 16 atoms/cm 3 &L 
T CD y n > t> x £ it M/- b £ x £; b ^ © ^® d s x t: * 3=- 
15 D >> U 3>#*g»Jifci£*b"tfc3 5' 'J 3 >¥^#S*5^ 

t5feS)CH:, i/'j3>e7i^t|'OlltttSl. 0 x 1 0 ,3 atoms/ 
20 cm 3 W±l. 0 x 1 0 u atoms/cm 3 WTfctS^ItffeSo * Its 
•k-Sfc^ynV^x^fc-y-T^hlx-^x^i; b^GDMfcx 
i/tJ^tJ; t) y r» >#fSIIJ§£ii;K-rS£ klc«k ^ 3LK**i/v 

25 *RB£*rU** v * 'J >^t6**ii^-rsS/ 'J 3 >*$#g«kfc£o > 
y n >>>x;\c|3©^^*rM#> 1. 0 x 1 0 ,3 atoms/cm 3 ^ffiX'tet 
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2 1 

xAllO^ty hO%45JPftijT!f f> 1. 0 x 1 0 16 atoms/cm 3 

M*Jb* 1 . 0X10 ,7 atoms/cm 3 U±<Di/ 'J3>>)i;\^^ M/ 
— h b*©*iBfc::£K* ^f-S'-Wl'SSfc.J: D S/ U n >i£^iijf £ 

iitt ITS % J' U 3 >*z»{fc^&T-feoT. < £ « HtifB-y-^X h U 

io — b ^xAtxt^^i/t^st: <fc K>mm istz^ y 3 >fisr B i©i?ii 

*PfB ©?8&#5 x 1 0 4 {13/ cm 3 KTTft6ul:S»tJ:t5J' 'J 3 
Mmm&.& 1 . Oxl 0 l7 atoms/cm 3 6l±kt5'> 'J 3 >^&©§ii£ 

is arssfc^ a»tt5*^v#KU: t)JR»^y 3>B«ft*»btt«j*** 

br^ac^y stffr&K** 1 *' 'J 3 >Iktt(f C&ftb#ttAl!KBI©Mi 
20 tttftS. J/'j3i">i;>oaill^i*l. 0 x 1 0 l7 atoms/cm 3 * 

*th;^ y n >e> x^©***^*** ^rtasrc© i Gt&£#ffiT-r 

5: fcfr *>> li^tltf 1 . 0X10 "atoms/cm 3 fil±(D3/ U 3 > 

*«8ft&K#§tfi<**x-$»*-<*:s. ^ct-s xK^^>>t;i/i©p°nS 
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2 2 

(S*©J/ 'J 3 >fr*^-Cttt*SSJL&HBtt* lO'i/cm'gg* 
*niU#4btHf;. buIB^T*© 0 . UmKlOfia 

fcPifi©*** 5x1 0 4 li/c m 3 WTT'&nfc^ J.K^*^^;i/itJBI 

ttft-f 5c «rfB««-eo. i jumu±0t*a&nft 

J£#5 x 1 0 4 ffl/c m 3 jBTfttN ^K^#S/^;i/»rtfc^«lftl6^* 

15 Hft^tl^^ifSSffbs *£g D<ST^©F^JS££C3o 

* 3 ©JB«C«4*> U 3 MMStfl. Ox 10 

1T atoms/cm 3 U±©5/ *) u > $ M/-^iAjilf©t 
Wfcx- \Z9**/*)vmVL «fc Di^'Jn >#ljglljf £*£*gbTfc 3 S/'J3> 

mnti&^T, m.m&%-T- 2 0 nmjjji±©isa&PiB©Ma* 5x10 s 

{1 / c m 3 ^ T X- & S £ £ #m £: "T S V n > itmfr&foT: $> % o 
MtSftflCT* 2 0 nmtt±©«B&R6tt* ttS6©3»?L&H8«D*'.h& * © 
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2 3 

rtc^^s^Pfi^fetSs mmatitz*), &z^&mmik * 

K#5 x 1 0 s flS/cm 3 6lTTf»ntt, x. K * * ^ * ;i/«SlXgfciJ 
•C±B^W bT«SFibT? xK**2/*;Hirtfc*rfc*& 

*V*T* tSM-e 2 0 nmJ»±(Z>«fiB^ffi<Z)ttft«'5 x 1 0 s <@/c 

«> 5 s / w ^ ist jt x e {d s m s h# c if fe * n * Ni & x e * * * 

i^ffl^l. 0 x 1 0 ,T atoms/cm 3 &L 

fig&JiT- 0 . 1 jLtmfi^Olfc II 5 x 1 0*1®/ cm J ft 
Tf, *>-oitgmi?f 2 0 nmm±oea^«S©*flE* I 5 xlO 5 !/ 
cm 3 £iTtil6 5 3 k i: 1" S #&<fc£«ii: "T S ± kfc«fc D> *Pfe 
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2 4 

>>>i btzmm* 1 . 0 x 1 0 "atoms/cm 1 Jtt± 1 . 0 x 1 0 16 

atoms/cm 3 ttT^*bt&5 5' 'J 3 >*^ftStS"C$ 5. 

IB 1 ©»«•*?««§ U& J: 5 'J 3 >**&«*©S*t±H BrJfciM 

^zAt UTffi l> 5 £ £T*> ± b fc If ^ * b U - h'>'J i^ifi 

< Its <fc ?>5&±fe«&ltt:£e**i"Wl/Ji* 

Jg 6©Htltts £ 1 ~ 5 <Dmm-Z<DV7x hU-h^>U3> 

1 x 1 0 a M/ c m 3 W±-C-& & 

V — h £ i^N^B* e> 1 ^nicfc D 2?g;b<y:2 0AmW±F*|g|5£> 

2 0 nmm±©*g6*H8* 1 x 1 0'1/cm 3 fei±#S^t5Ci:C 

$Q{5j(3Wfc>e>-f ^its *©T* ^ ±SBfc*sUfc i^^^n^no^ 
ftijifctilktiots ±ffl Br SI © 



WO 99/57344 PCT/JP99/02336 

2 5 

OK3S*»C*^Tn xtr***/*;i/»fc rs* 7* 

fftfo^s mi 2 o^j^fc^s^^BjcD^ i u n 

LTfciu 1. 0 x 1 0 16 atoms/cm 3 W± 1 . 5x1 0"at 
oms/cm J «Toa**«tt5J' U 3 >»*£/B^T CZttti D Wfife 

io u^o^stx it^^r'>^ ;i/«ctc «t <o *s >j 3 a S' 

d©#&<DSIJ1&£:fc^T«; 1 . 0 x 1 0 "atoms/cm 3 fit ± 1 . 5x1 
0 "atoms/cm 3 «T©lSHStf tSJ' 'J 3 >B*4fflv^ C Zi££<fc 

D*«ufcs/ u 3 ^j^h^ >=fy h & mmmm u 

15 S>> U 3 > t> h\/— ht?*s\£ isZOmmfc*/ 'J 3 

J: t> M£ 5 . 0 x 1 0 13 atoms/cm 3 fil± 1 . 0x10 16 atoms/cm 3 felT 
20 Mt5i/ U 3>e 73 i^0S5lit* s Blllt^So x K * * >H* 

rtTHf* (-^(Ctt9 0 0°C*>£ 1 2 0 0 °C<Df5Bf*3©-5£iS!£) ©i& 

ft'tf^, 3t®3 * 3 >^^s^>i7 x/\g|®©?Slx'fl:£fT ofc 

3 $ So 
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2 6 

mm* 1 . 0X10 13 atoms/cm 3 Hk± 1 . 0x10 ,B atoms/cm 3 «T© 
5 ±Offi?L&IIB«»J***fcH. a»H S£Hf!&SI$£*gii&gSa i 1 1 5 

o°c~ i o 5 o"caflE©«H®it«fl«j*fi-effl?L^«H*Bja'rs* i x 'ft 
at * m s ^ * s * s t ai * # « ? as a. © a « * hp r s c t -c « ?a» a 
*«Sft<£$i<t-r3o -^s ioo o°c~4 5 o'cofiitna-co 

a t: * w- s m & m m x s t & 5. * ^ to a x a * x. k * * > + ) \> m m a m 
s *©t±s»K:#» • iK#g-r£o *©*sm^ tn* xtfitg&g 

15 T-2 0 nm& ±<DWbX.mti s 5 x 1 O'l/cm 1 JStTT?* S * "5 

— h > U 3 :n < 1 Am£T*©^i$£&V>T 

20 :cK**^*;vJBJg«xgft!liT*S5£fctt»#***1" 1 x 1 0 8 flS 
/cm 3 6l±T*i§bs *MjftXS©ftftffi3fc::j3^TJ*St^ I 

Gfls«K:*»atSil*Wft»3B*«. t£#fcJt^T0*fc I G^^ftif 

DJC g 2 ©Je**©* 'J 3 ©RJI;Sfi&tt* CZStit) 

25 s/ «j 3 >JMs«si±*«*fcs/ y 3 >%.mm*M®®.mt?t> 8 o o-c© 
*Siii&gSi5Hft 2 . o , c/fl-w±<o«>ai3SflET;^aibK3ibfc^ y 3 > 
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Jf$i^ (-r^tot,, i£*=^> If-:/* his- h ^i^©#1BM 

^) ^{i-y-^f z&mmmnx- o . i ^mj^©^^^^^?. 

U n >#^^§i±WfiK*^-> U 3 >#*gft* 8 0 0 °C2>>£> 4 0 0 °CO 

25 fci*-:/* h U-htr *J\<D&m&m) tlilt-fXIilSMtO. 1a 
mJ.)Jt±©£ft^|fa£ffi^b£*£h£%£-y-'i'X#2 0 nmfilJ:Oi* 
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So 

5 0*C©»«»i*©3&#fc-8 0 O'Cfrib 4 0 0 °C<Da#0iBa#CD8&^l&SE 

u =i yiii§8 oo c cipe»4oo •co&^ummm* 1 . o°c/# 

ei±©#iP3SflET#*Pbx 9I »1K6 8 0 0 'Cfr £ 4 0 0 °COig^M^«B 
H£ 1 . 0 o C/#&±cD^SJM-C-^iflUSa;i£ UfcS/ U 3 >*xa*i 

15 f;W *RJtxgK:*H>T I G»**J«!tf SK*£fc»B&HB*f6£ 
Jc£3 0 #SgM^> 'J n W >=f y h *§l±ifcft*fc:?*S3»JR 

^SS&Slfcifc So 

•> 3: ^Nrt»©is«^«i*flE* * ?, liin * * s * * fc 6 tx t: * * 
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Ml 6 CD Ml* CDS' U 3 >i£aM*:a£«©»Ja#«stt* ±fS£x&^T * tzM 

oM^n^t^-ii-s^r&^feSo &*a3$ftmt± l o o o°cju± l 3 o 

O-CfilT, M£ b < l£ 1 10 0 -Ctt± 1 2 0 0*CfilT#ia-Cifc5. S. 
SfiJLO^*U6«*»je*fc < < ^fcx 1 1 5 0 e CJ^±-e«:?5i&fc:fc 

-irudCs »iaar*wfi7f«t#$-&sififci±^jiBb*v>jFflt©t§jfttf 

< T* £ S CL £l#Mg; b^o *£^>T. ^ =¥->^;i/6fcgBu©-y-^^ h b 

Mmm#m<Dff!gmffl*®m b&# & , ±iacD&&$&ffl-t--e g a £tns 
v>sm-ei^Ms-r a d *»a* b^„ 
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3 0 

n u x t: * * > * ^essm t insteps *m b £ ^ * * > 

15 **fll^r^> b- h S/ U n a_tfc, ai t:*=^rS' J t';^Jl/-y■ 

r;* h V— h«>ai^|Sl®2*^-bnt:^^^^;i/® 3A«^SSbT^So 

tfcx *#B«io*fiii§i±«ftc«rjfe©^iaiife#T!a4abfc'> y = xa 

ji*i£« bits/ y n >¥«ttas£0&£;igi$i8i 2 c^t. 0 2 is^nx. 
20 1 gi 1 d, x.m®m.m&m<b®m 1 cRvm^mm bfr£>&str 

FU-b'>'j3>^iAi±K:, * j^;i/Jf /-y-:/;* h b — 

h i>^^^@2 S^bTiK^ + i'tM 3 b T V> 5 » 

1 ~ 8 
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fco Wimm&.&®G . 5-8. 5xl0"atomos/cm 3 
«JR«C«k t> J E I D A©m*««*JB^Ti!IJ£) T-fe-pfco ^ftlCD 
^lii^4 0 k gOMf^U, Itg 1 5 5 mm©#j 30kg©^f> 
5 =fy HftttfiHU* pll 0 Q cmO«lftff&. a*©«jDI4>' > P- 

$ s? m R 1$ £ ® T Z £ K «fc 0 ff o & o 

1 ) M^^SD^ff £>-f%\±mm 1 mm/m i nT^i^Lfe, 
2) UsK5M*Ciii|7xl0 15 atoms/oni 3 »iDU 
10 g|±aglmm/min-e^ B B B 4WE&bfeo C0t#©V/GI±O. 1 
5 (mm 2 / B Cmin) ^elCiiaSSS IMSfl^t 

tz&. MtttftttiSftl* (lxl0 14 atoms/cm 3 «T) > ¥ 
f>gffc©ifi&£im-rSi:s !^S^^^J5 x 1 0 12 a t 
oms/cm 3 fz.c 
15 3) MOiI*i:IIS5xl0 1! atoms/cm 3 ^flnb> 
§lilfllmm/niinX^S4t^bfe, 3© #© V/G& 0 . 1 
5 (mm 2 /'Cmin) t^S, ^ifflllM4S IMSfl^b 
itifi, SJfctttfcfflSftl* ( 1 x l 0 14 at o m s / c m 3 JUT) s ¥ 
ISiI^»;&»&gf&©«j&£im-rSi:s SItCli)4xl0 l3 at. 
20 oms/cm 3 £&-3& 0 

4) jR^©ikM[<4*Cfi3K% 3 x 1 0 17 a t o ms/cm 3 SRJnUs 
5l±Mlmm/minfiISffi!clfeo d© i; #© V/Gfct 0 . 1 
5 (mm 2 /°Cmin) t^5. ¥&{i#f&!8ca> £>Mffl©ii&£It3l 
^H*^ 2xl 0 14 at oms/cm 3 £te-?tzo *£H© 

25 i^ifi^s i MS-eaij^-ra t. il^^it^ckBTisi'^c 
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3 2 

5) I»Oi«tt't§i§5xl 0 17 at oms/cm 3 MM bx 
§l±aHlmm/min-CgiSW^Lfeo uOi:#OV/GH;0. 1 
5 (mm 2 /°Cmi n) T'&5o ?SIl©gillitJ££S I MST-$J£b 

5 fc^I, S§4>©iiiSft»5xl0 14 atoms/cm 3 T-<fco 

± t ^ 3f ft t: m i n r s ^ m « k © m * # b » £ n fe « 

6) JKtta>Hk%4 , K:3B9lt& 5 x 1 0 1 7 a t o m s / c m 3 MM b> 
5l±aH 2 mm/m i nt^ittfiSLfeo lOfc§OV/GS0. 3 

10 (mm 2 /'Cm i n) JttB©aJK8K& S I M S T* £ b 

3^m. fga*<Z>&ft*ftt*tt5 x 1 0 14 a t oms/cm 3 T-fc-pfco 

7) M©il'('t:ll4 5xl0 1, atoms/cm 3 ^in bx . 
15 §|±Mlmm/min-Clgg^ffi2Ufco COJ:#OV/GI±0. 1 

5 (mm 2 /^min) TfcSo t£B©M«**S IMS-C*!lJ£l/ 
fciiSJii^ Sltfffl§IlfiM5xl0 15 atoms/cm 3 T-feo 
feo £fcd©S IMS$Jj£©l*&. ¥£H$fcM©M£**bTs 2«W 

20 8 ) M0iI*K^iS2xl 0 18 at oms/cm 3 M l/\ 
§l±5£& 1 mm/m i nt^i£ Wl?£ bfco Ufls Ufc^ 

I M ST?*]£bfeilSS>. f&iktpCD&mWLmZ® 1 . 5 x 1 0 1 8 a t o 
ms/cm 3 T-ifc-sfcp & fe C © S I M S ¥i§ft&M^© 
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3 3 

mmm i 

5 fr-^fco 8 0 0°CTjprtt#Xbx SAil 0°C/min-e#lLl 1 
0 0"C-C 8B*IBHRtSrbfe«* - 1 0"C/mi nfPliSL 8 0 0°C7?^te 

*JS^fe 0 tOTHlMtt 5 p p.mttT-C* o fc. £©#*£± 
10 IB*Mfl««*»bTMfti: Itfflufc, & fc^&cDtf AB$£ {±*Piiutc:i& 

flMaM®*4KJ*»'f''b®M&*H:N Si^ib-C S I M S T: $J 
15 Jft5xl0 14 atoms/cm 3 T- & o „ 

£«&1B£ 1 0 0 0 'COSMiiiMT? 2 5 nmO»ft«&»«b, 
ITfbMWJEEfciltl&bfco fffi^t:MV^feilf±2 Omm 2 ®^Ui> 

20 asf 8 M VW±®Bfffi*jj* UfcV»to«9>* C^E— Fflft«£ij*bfc 

0 OmAT* 1 1 MVW±0»JE*wUfc%CDOSfiI^feJt 9 5 %T?<fcofc 0 
25 ff ofcatteftf^Sftbx 7>^ = 73i«<b**;dcfti*fc|ft!)Sb-t«iH* 
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©^@0 C 0 ?®m\± 1 4ffl/^^^T-S> K> s $J0. lffl/cm 2 T" 

5 0 . 1 ^mW±cD^^^P(|cD«S{± 1 0 3 fi/cm 3 

f£@flflgfc£t) UmflfiU C 0 PO«iJ^SfTofe 0 ttlBBf&%£H: 
0. 1 #mii(._hCD C 0 P 2 & ^ T> ; E-7'ia^ 

ICO. 1 /i mttlo COP ***t 5 fc 2 5 xntft D , ifig& 

HT-0. 1 AimW±©«ftfcR6©**B:*& 3 x 1 0 3 <!/cm 3 fife 

15 ^-fbMWffSfJ^^ff o feo *IS««ttt 1 /^AT? 8 MVJU±©WBE&^U 
fclftftifitCfJ^B: 9 5 % i: 9 9 ») > 10 0 mAt 1 1 M 

VJii±CD»ff £^ bfc ^-f ft* 9 2 

£<s>£gSV>£ci3<DC O PcD^S^aiJ^-T 2 #m^@ 

WS&ff ^ (tcCD^®* 5>fh3 /im) s 0. UmJ-UCCOPfflSS 

20 *ffl%.-rz 1 2 offl/^jtM-c&ofc. mffitmmiz, T>^-Tmm 

<b7jcm^^^^t)SU0 . 1 //m:iiy^>^bfc^COP£a!l£-f 5£: 
CD 7 0^i/<i7^^T-$)ofeo dOd iLfrb&WT 3 ^m©|gllf 0 . 
1 ,mn&±©f&B&R&©*fttt 3 x 1 0 4 fi/cm 3 fcjia ftfco 

25 JP* + jC»<OitgtftHCT? 0 . 2 Am£i±©*H&©*flE*«J£bfefc£3 7 
xl0 ! ffi/cm 3 tSDs 0. ljitm6ll0j5BWtt*6W<4 
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5. iOSte©^S^?.S$0. 1 /zmfc£W-£&R§S&&(± 1 0 3 ® 
/cm 3 &m'C1bZ>Z.tiJ><D, mteftMlZlt^ 1 %JUT®&Pfe?&ftT? 

10 ^lfeU5U5xlO M atoms/cm 3 -efe-pfeo 

bfe (312) tC312fl/*iAT»D, )^J0. Hi/cm 2 "C 

±cDi^^^P(ScD?gS{i 1 x l 0 3 {S/cm 3 ^it-feS^ii^toiPo 

n«B0!i i t.mmtmmm&vmihimME.&m^tc (*3) U5< *j 

$1% 1 a AT- 8 MVlil±CD«6-tf 9 9 ^J^^M 100mA 

20 "C 1 1 MV£l±Oiffi4SUfc%©CDll^tt 9 5 

0. UmWlcDCOPIil Ofl/^M-efcofcrt*. 7> i E — T'Jitt 

25 0. Umfil±©COPt«ISt5i:101/'>x;\-eft!3, «$l/t 
m©«*T?*>ttg|fcjn! 0 . 1 /zmtt±©|gI*R5©*ltH: 1 x 1 0 3 
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i/cm 3 *tfC»ofco 

8 MV«±CDt!J-£r#9 9 %T*fc *K ¥>J£m«t 10 0 m At? 1 1 MVtt± 

^f^C> D Z rt®©&Pfe©tt«4H^Sfc»fc*lBSFJ8fc«k D * £ 
2 (g^!J©aS<fc D3/zm) SSfg mm'&<D 0 . 1 /tmfillO 

10 t5fc*££^DSgb> 0 . Umiff >^l/feft*^*ff^l:2 1 

ffi/e7x/\-efc D N ifigift#T?0. 1 AmfilJbolSaftffieDttftt* 3 x 
10 3 ffl'/cm 8 &*ifco ^fe^<timiifiEOfii{ifJ^a«S 1 

A At? 8 M V £1 ±0106- #9 5 %T-& t> x ^J^SSt lOOmAT-llM 

ff*(fri&©ltg!*#T? 0 . 2 ^mtt±(0ft||Ota[tai€UfcJ:i5 9 
xlO'I/cm 3 T-feOx 0. 1 Atmfil±CD*H8*BE{±* < ft 

20 5. COMOiliip^^O. 1 #mfc33t* S^PiSSSttt 1 x 1 0 3 

25 c? £x fe. o 
##0<J9 
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3 7 

##09 6©«Sftfr&flsj*bfcS' U 8 0 O'CT-Jprtfc^AU 

J$A& 1 O'C/mi nf#igL 1 1 0 O'CT 8 ttflflfttt bfc& N - 1 
O'C/mi nfMl 8 0 0 °C T- g*£ £ UK D EH b fco <lb> HflEfll 1 k 

l/f;U5l55xl0 14 atoms/cm' fz 0 

10 in-e^ibfcs^cjt^^ot^feo afe*ij^m«E i o o mAx* i 

1 MV«±©BtEE*jj*bfc4>©H: 1 7%T-&ofc 0 

MltOO. l/imJ.UCCOPS^'<Sfe»{:> QfctoT ±13 £ m 
fc*ft*&3*frofc'a£«*f*fifcbfco *M0Ug%©«1B(Z) C 0 PSg&ttJ^ 6 
0 0 CHl/£:n^T*S> t) . 40ffi/cm 2 T-feofco £ £ T^^E 

^bfc©*> 0 . 1 //m&±© COP £«i]5£L-C<& C O P CDitfft] ttil© 

^}#*uT-^#^UTlNfc 6 0 0 0{I/>i7^>>NCDCOP©fc«>£iE{t&C 

^«B^J 3 

.25 /zmW±OCOPiil HO. Hi/cm 2 T'fe 

ofco * e,fc7 , >^~7 , a»fl:**2KiSfe^*Hlfllfc» DSSbT COP© 
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fcm®£.*m%.-?2> h 1 x 1 0 3 <l/cm 3 T-$>^fe (^2) o U 
mffl*ft©«>:n/\fcftsjfcUfcR{b«©WJEft«^fc (^3) *l 
^li 1 //AT*© 8 MVfci±©£iJ-£-#9 5 %s 10 0 mAf 1 1 MV61 
_h© & O # 9 0 % T o o 

£rit 2 /zmGDflF^) „ dOStSOitSm^T- 0 . 1 ,u m W±©*£H*RS 

x 1 0 3 1/cm 3 T&ofco «rtU«©lKBE*H"<fci:£3s ¥"J5£m 
10 % 1 vAT'(D 8 MVW±OfJ^9 0 %, 1 0 OmAtl 1MVW±© 
<b©#8 5 %T-feofe 0 

**4»«fo©HnitfcJ(fC 0 . 2 ^mW±O^RI«5arSE*«^bft l i:ci5 9 
xlO'l/cm 3 T-fctK 0. 1 ^mfel±CD>tRBafflEtt* ?>^# < 
15 5. CCStfOSIfr^I^O. 1 Atmft:*W- SfcPfifcllEB: 1 x 1 0 3 
<®/cm 3 T! & £ C h ft> £ > S«rt»fcJt^ 1 XWTO&Mft'Cfc 

20 xlO 4 {I/cm 3 WT-CfcSftS&R&Jf ©8S£# 1 /imJ-UtffeS £ 

£4&rtflS£:^T&JlftH&«©SiJa©&ft«B 

##01 1 0 

25 $JB04 3 1 /zmP© (*M(k3lffl©£&&iB & 3 a 
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3 9 

t 7 x 1 0 6 ffl/cm 3 -e* D (H2 ) , KftJgtiBtjEttipJJSSflE 1 A 
AT© 8 MVJ^±©iiJ-£# 75%, lOOmATll M V&±© * ©# 
3 0%ffet) (*3) s 3a#JftSFg£flif iis 4ftt#&to-r to 

5 ib®E«wj 1 
JttttW 2 

#t « i s 2 ©^^ic^-bTiisE^j i ommm&ft w ^®st>*^^ 

10 1 /um, 3 ^mOC OP«j*;&tf«<bMt»ff©illl£b;fc*gJli**5 % 6 

t^to <^-f n©*§£-&8&£ 1 um-eoB.m&M-e o . l/imtucg 

g&X.ffiomm.V 1 x l 0 4 <!/cm 3 IfeMIE 
£b&0iJ3 

15 8 (Di^^izM^mmm 1 coMMst? issifs^um, 

3 Am© C 0 P»*;&tf»flsII)tliifE©»jfebfc<6Jll** 5, 6C^to 
Ilif-eO. 1 ^mtt±CC O Ptlttt^JBlfiCttH-e* 0, 

mm it< & ^»fls«Bf£E%aKRi«-efeofc*©-o % Ms^ffitzie^ 

bfcitgJ^ 1 0 >am©&Jf *Ri#StgF<3g|5«}; iBlT^T, 
20 £4K&Bf£«t*£ltS&*0 . 1 a m«±©*SS&R8©lB # 5 «/ 
cm 2 UfeD, ^Uml^ClgilO. 1 AmJU±OltA^K 
O*««ii:Utli5xl0 4 {®/cm 3 ft t) > t/H^OMC 

(±51 cf ft V^^tR t ft T V>fco 
25 ##0U3, 40^ASH«B09 1 ©IIH«tS*ff W &mRVM$ 1 /znu 

3 Am© c o p&mRvmihmwii£<Dm%.\sfzi£m*m.i , 8 ic^-r „ 
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4 0 

bfe^x #%^3 N 4to^fft©tta*K mm(D%.s.&-z%i&ti>-otzo 
IS cd @ Br fit) ft (g ^ o ti * # B to 5> n fc • 



* 1 



0.1/tifil±CD 


COP CDtg 


t(«/6 -f >*-^X/\) 




1 ) 


2) 


3) 


4) 


5) 


6 ) 


7) 


8) 


A , 


2000 


2000 


2000 


1000 


0 


0 


0 


0 


B 


4000 


4000 


4000 


5000 


6000 


8000 


6000 


6000 



a i±:p = tub***©* z> i&hm&zfiomo cop m&t., 

o.iAidyf >^^ff -^fe^to copm $t 



m.2 

mmm u 3 ©sM&g&g) o.iy* &l±<d cop %g(M/cm 3 ) 





m.mm i 


ISJfc0!l 1 


mmm 2 


mmm 3 




5) 


7 ) 


6) 


6) 




<lE+03 


<lE+03 


<lE+03 






3E+03 


3E+03 


<lE+03 


1E+03 




3E+04 


3E+04 


3E+03 


7E+05* 



15 * ( 7 E + 0 5 ) 1 0 ©<i 
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4 1 







mmm i 


mmm i 


mmm 2 


mmm 3 






5) 


7) 


6) 


6) 




\fJLk 


99 


99 


99 


90* 




100mA 


95 


95 


95 


17* 


ljum SfH 


luh 


95 


99 


99 


95 




100mA 


92 


92 


95 


90 




1//A 


90 


95 


95 


75** 




100mA 


1 80 


85 


90 


30** 



* 9 (DOM. 

** i o <Dm 



5 

1*4 



i ~ 8 <DifeWnm 






mm 


1 ) 


2) 


3) 


4) 


5) 


6) 


7) 


8 ) 


A 


23 


23 


20 


10 


0 


0 


0 


0 


B 


8 


8 


0 


0 


0 


0 


0 


0 
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ft 5 



itmm u 3 


ffl 0.lAmW±O COP $£3?(ffl/cm 3 ) 




&$*0<J2 


ttmM 2 


hb«fc#!3 




1 ) 


2) 


8) 


is us 


<lE+03 


<lE+03 


<lE+03 




3E+05 


3E+05 


5E+03 


3^iii 


3E+05 


3E+05 


5E+04 



5 m. 6 









m%.mm 


itmm 2 


itrnm 2 


ttmm 3 






i ) 


2) 


5) 


^® 


1//A 


95 


99 


99 




100mA 


92 


95 


95 




l^A 


75 


75 


90 




100mA 


17 


17 


80 




1#A 


32 


32 


90 




100mA 


13 


13 


80 
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4 3 

17 

mmm4(D 0.1um&L±<D C0P&&({l/cm 3 ) 







mmm4 




3) 


4) 




<lE+03 


<lE+03 




1E+04 


5E+03 




5E+04 


3E+04 











4 


mmm 4 






3) 


4) 


ISIS 


IMA 
100mA 


95 
92 


99 
95 




l,uA 
100mA 


90 
85 


92 
90 




luh 
100mA 


70 
60 


90 
80 
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HJS0iJ5~4 8i5^^J±®[fi?iJ4- 1 0 

-rSKat^ScSifc'**. ^^Stt8 >5^ffl (112 0 5mm) € 

mm\±pm (**n> y-?) , sm^t* i o q cmtss. ±ie 

5 *§Hi:fct:SiJ&£, ttAS*S8-< (fig 2 0 5 mm) fe^MH: 

PI (#n> F — r) x JSffi***0 . 0 2 Q cmt-feS^ifefflSUfe. 

i:UX2. 0~5. 0 x 1 0 17 atoms/cm 3 „ *KIMaut7. 0~ 
8. 0 x 1 0 l7 atoms/cm 3 „ M&MmMt It 9 . 0~10. 0x10" 
10 atoms/cm 3 Ogg (l^iStts ft*lfttt&C: «fc- & m^ttB* 

Sbfe. JK*il&tt^-rft©&fife 1 . 0 x l 0 "atoms/cm 3 &m (B 

15 8¥b. ifiS 2 0 5 mm©^J 6 0k gO#MS^ >i» b *f£(fcb;fco 8 
XcDSR2inB:% y > F-70>>U3> C C V D (Chemical Vapor D 
epos it ion: {b^f^f&Sifc) fc ± D *flsffll*»rt bfcfr 
oiiBCBtttftfrtci:!:* Dfx ^fco ^ U n >ii*oIiaK 

:*^©*fe*fBIRbia«lbfco > 'J ^ >^I*©iiIKH:S IMS 
-esy^bfc^s S I MSCtfttHTBlT-feS 1 . 0 x 1 0 u atoms/cm 3 * 

JKttAtfl. 0 x 1 0 1 4 atoms/cm 3 W T © M 7? i* < s SI 

25 MSfc£**x^+©a*aftfcfc5t*T?S&fr^fci^ 1. 0x1 0 1 
3 atoms/cm 3 filJKOitWoll^ S I M S J: 0 /i v * 7*? t> > F 
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4 5 

V * ) U cd 2 iff Jit ± © 3fi & T IB Bf m £ a& * A © it * # B ft 6 ft fc . 

5 Tfl 100-C-l 1 5 0°CSf#Sb> ^O^ffi<b*3S*Xfc:<t 

^V^ftfiC^frV^ r U ^ n;W>^ &m VAT 115 0°CC^3t/N 

*SBBHfci3V^T»6nfc'> U n CD fffiffitts 5 

10 TV^E-T : SIKfc** : 7jc= 1 : 1 : 5 CD S C - 1 ^«f^bx 
Iz-if-yl-T^iVA^^i'-LS 6 0 0 O-e&m^tlSO. 1 A m 

jei±oc o p^w«&«j£bfco c o p & *>fc£?i$:Ri©ft;*ft 

ScDStBfcis S C- lm&tJt — 'r 4 ^;b«iJ^S 1 0[5]iilDSb> 

( 0 P P : Optical Precipitate Profiler) iz J: o 1 //mcD{4gt: 
#:£-rSlB«»JI"T? 0 . 1 #mja±©tf * XCDfcPffiMftfHHbfc. O 
PPti DtfcfcB^ftS 0 . 1 MmOk±(D infaiirt — =r <i *;U«U&#ifefc 
ioT§?.ti5COP^i«gi:l : 1cdH^A«*5o IMXtfifigm 
20 WC 2 0 nm«±<0*/h^R8tov^TI±s U — if — «fc 3 & 

mmfemw. (mftu-y-h*???) \,z&io ivm^^v. 

^«>t;Hi:it^H/-F £ :n;\£D#jL@TcDg!£ l /zm£#:£-f 5 
SB (J**4»ifo) ©tSA&PBOMSW^fc. Sfcx 1 x 1 O'Vcm 1 
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i^ii^-c i o o o°ct- l 6KFiHiosift«iaftfTVVs *©&> 
it^i'^^ y ^ >^#flc^«^iBfciHs -yjr^s ^£if©£Ji 

^Sfitl&SC^fc 1 O u atoms/cm a M^^^^-a-, *©&, ^/W *'KJt 

CMO SMlSIbfeis 3 Omm 2 V 
J X©P/N&£-3&M£lR±fcfefi&b. P/N y - *«*©Sc«i5Jfe 

;i^rtfcl««*tf«^:£#»*i5!fe«©P/N y *«E©i»Jn*tt{l> 

^9 (a) (b) ~i20 (a) (b) &*fttyl©£;Mg0!U &J;tfil 
2 1 (a) (b) ~^22 (a) (b) fcttttfcl fcHf SKJtlfeff 1 ©*!? 
15 ^fc^Rifpfiffi*gm> SilF7V 7*^ AfpfiffiJigm©^ i:©=&^-r 0 
(SUfiftl 5-10) 

lOttt, $9 (a) fciV* 1 0 (a) C^ti^S 

3a*^-cH3 fcs^-r i-5«:c z#«sa«j«SE**fflv>-c3i±tfTirBfcbfc. 

^9 (a) jFffiiMsi 0 Q cmOtACffiStiOx 110 (a) 
20 tfi&mmo. 0'2 Q cm©ttSC«**©T?»So *fea*»Kl/^;i/ 

^©c ztt#«sa«sKSEatt«ia^iaiSEB«:2ftt«b«v^aiir©%B 

25 iR*1"5S/y r3>^ttS5l*±W«F4T?*So ;i/ V * 9 ©{RlnSgPfctflafSft 
fc-* 7 hillf&b-* 7 fr&©Jlft**lBS§l±aP*«fc:a&»f *©*!»£* 
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Sfc»»r#ft*J 6*»ttDHtr«fcd fcMSftTfctK CO^VOttHw 

7>f -v— i o #&s<**i> 109 -r ^-©TJStttS!^^ 1 1 

10 _tt;f*Fi*j 4 fctts §l*±tf^4fc^J563ftfc#**AP 1 3*&Ar# 

*&ifGD#*#^A£*u §i#±tf *F4 rtSMi-r #*aitffip l 4 
sRas-rssHk'&ssisi^jPrt 4fcis*-rs sio, co^ifftgi 

20 0«BT?*3. *SH#ifl5t&i±}gt@i&g (Tm) - 8 0 0-C*T?fct2. 

4°c/#fr£ o . 8*c/#<DttH-ei&r ofcttaKttHr^Tfc^-c 

2. 0«C/^-tt±T?ttft<P-3fco Sfe8 0 0°C~4 0 0°C©^iMi 
gfcStiTU: 1 . 2°C/#j!pe>0. 5°C/#©*BH|-C<&1* l/*>»fift«5 
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48 

tt^9 (b) fcitmi 0 (b) iz?jkto ^V**i' J rfrmk^\Z** 

&Pi§) ^gfttv^^ncDiB^* i . o x i o 3 c m 3 uT-cmw^ig, 

^-fft©*gil*>l. 0 x 1 0 9 <i/c m 3 W±T-& *K I G$hMtZ^$j] 
15 (HSfetfiJ 1 1-13) 

mmm 1 1 - 1 3 tco^t m. 1 1 (a) (b)*«tw*i2 

(a) (b) ClI±WWfiRo«3ilfe^i:ffffi|g**^'ro *1 1 

(a) (b) 0 QcmO^Ii:i5*0, 112 (a) 

(b) Wi&ifimo .022 cm<0<Siifcfil5*0-e»So 1 1 i± 

20 ^stats sisfi^j 1 2 tt*^fn, 1 3 tenmrnis^K-e, i4cs 

-r«fc^^^^^ai^g 2 0 *5|±#*|*3K:ittBbfc CZ#SIW^I4 

fc3„ U£il#S]&&y:&HigJ£ (Tm) - 8 0 0«C*-ei±6 . 0°C/# 
25 #6 2. 0°C/#©fgfflT-, Tmipf,8 0 O'CO^TO^IMfSSC 
$5^X2. 0*C/«>fel±6D^iJIJi*-e»-pfc. 8 0 0 "Cfr e> 4 0 0 °c© 
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4 9 

mmu&.i&m(Dftmmmt±. 2. o«c/#~o. st/^fi*!* 

Hrj*bfcS/'J 3>*lsaH: % <J»sAini«, lf^M/-h->iAfcb 

JHB*&«$ 1 Amli*CCDfH«K:*v%Ts mm&nWJ Xifi 0 . 1 At 
mfel±©*Pfe (SSJl&RB) aj*tt^1"*i©»Bfe l.Oxl 0*©/c 
m 3 ttT-Cfi«*ns lttgifc*T? 2 0 nnittJ:(Dt/J»*Bto^T * 1 

RSMtturftoifcafe 1 . oxio't/cm'tti-efei}, i g» 
15 h«>iAoj|ii) Tx mxv&m&+fr^m!&2n, wtmmm®i&z<DWL 

$/ V n >4&##£«OKiii«tj&ft&;l2l&BI 2 tc^fo 
(MM 14-16) 
HSfe0<J 14~16totAT*>>gtl3 (a) (b) *«fcV« 1 4 
20 (a) (b) fcSI±tfWfi8©M3e*f*fcWffi«»*wf 0 ft*. » 1 3 

(a) (b) #&!n;3&l 0 Q c m©^g{c^ S % CD N SI 4 (a) 

(b) tfStfC^sO . o 2 Q cm<0«SafcfiRa4>©T?fca. Xfttt 1 4{± 

ffis*st> nmmi 5&*mm. mmm 1 6 mmu^-^ isc^ 
ti^ &ttA**i8B 3 osgniprttiiife c z *tsanrjftgft* 

25 ffilAT§l£±ifWf£bfco m&fttamm±&®Mg. (Tm) ~8 0 0°C 
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5 0 

i^x2. 0'c/#u±(D*iitQmmx*t±i3i\,>&, 8 o o°ca>e> 4 0 o°c© 

ffiHttl. 6°C/#ip?>l. 2°C/#©SSH-C, &&£«5B©±-C©*3 

u =1 >*i§jij±s ^x^ipx^, u-^* h u- h e?i/\i: b^o^stc: 

P§ (£JL*PfB) &&l±^-f ft©«SHfc 1 . 0 x 1 0 4 <i/c m 3 «T"e 

<sm£*u iiiit 2 0 nnm±©$t/jN*pjsfc:o^T& io s i/c 
m & if © s& >b tK m © ^ v. * * > -v ) i/ m ^ © m § m b & & *=> ^ & 0 

15 (!Hfli0iJ 17-19) 

Uli 1 7~1 9l:o^"Ct, SI 5 (a) ( b ) * «t V «l 1 6 
(a) (b) {3?|±{fW^<D®ig|fe^i:fFffiijgm*^-ro fcfcs SI 5 

(a) (b) #«ffi*l-0 Q cm©ttiifc«Sfe©^ «1 6 (a) 

(b) tfi&fcmo . 0 2 Q cm©3igIl££S5*>©-£fc3o fiUtetfJ 17tt 
20 HS60!I 1 8(±#®3SS, %mm 1 9 ttMJfcl/'S-n/Ts EI6fcas 

*- £"5*ISIH*SI£«2 0 fccfctf 3 0 4§l±jFF*3fcttttbfcC Z*»ffi 

~ 8 0 O'CZUte 6 . 5 °C/#fr 6 2 . 0'C/#CDf5BT% J^C80 
0 o Cfre> 4 0 0"C©»Htt2 . 0°C/#fr£l. 2 0 C/#©$SHT-> T 

25 m^e, 8 o o 'co^t ©»*»««#£ s^t 2 . o°c/^w±©^ai 
Mfg-c, £e>fc^ 8 0 0 5. 4 0 o o c©±t0^iMi^t*^t 
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5 1 

5 »)n 0. 1 Am^-f XJa±ffl£JL&RB4>-9-^ X 2 0 nmJtt±®1ft/.hfeMj 

*«*KH£*;*n-cv*s. Maw©-** x# o . i^mja±©*i% 

M£D#®^ 1 /zm^T-0^^t;43V^T> l>fh*l. Oxl 0 4 

ffl/cm 3 filTT?jS**ft, IgUI-e 2 0 nmW±0«^^RIfcov> 
10 T*> 5 . 0 x 1 0* m/c m 3 WT7Btftffi*#I6ti«. * 
h U — V f? ^J\<Dm$*>bmt& {'VlPmW,) 2 0 nmWl© 

^/j^Mg&^-r n©*£ii*> 1 . 0 x 1 o'i/cm 1 «±t» *k 

I G&Jil£;g&&^Pfe©&£#&*tSQ#Jikft3o !&JKi3M&©x t * 
*^*;i/Jirt©ISii&Hl»£«waiT!» tK jffr?>-trr 

£ © « 'h * PIS © ^ tf * * * ^ Jf ^ © ^ * ta l> tt * a* fc o 
(^SS^ 2 0- 2 5 ) 
USS^J 20~25to^t*^ a 1 7 (a) (b) iirf* 1 8 

20 (a) (b) izB\±wi2f&<D®.mgi<*b.mffimm&7ik-f, &*\ in 

(a) (b) &t&mm 1 0 Q cm©Jfi£il £&£&©> SI 8 (a) 

(b) #ffitn;¥0 . 0 2 Q cmCDlSilt:«5*©T?*So tiu 
MStMnUfelBSfcs SIlKm 5-17 0 4(C^f £-5&C 

z#fsswj*M*^T§is±fcfWiEasbfc. $gii#i3ii£&fci:&@is& 

25 (Tm) - 8 0 0°CST*{± 6 . 0 'C/frfr t> 2 . 0°C/#©$SHT-> T 

mi?e. 8 o o "co^-c ©nail 2 . o"c/#ju±©#aj 
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5 2 

MST-feofco 8 0 O'CtKb 4 0 0 'C<D$£ikm.m&m<DfttQMg.te, 2. 

vmm&&.&nmm5~ i otciai&bfcii&tifiii&tT-, n«B0ij2 o 

10 HT&^o xt ; 5'^i/tMt1t7^M/-(>i/U3>'>i;\©*®i 

SgSfcU^-f ftcD?js§Il*> 1 . 0 x 1 0 2 ffl/c m 3 ttTTSS-Bn 
■e, £ e> £>$S£ 1 ,umg;-£©fSi$£33 V>T * 1 . Oxio'l 

/cm 3 UT-CBB*K:iS**nT^*. i£S^»T- 2 0 nm&±<D®.>b 
15 *«fco^-c*#lB*J:VWliJ l/zmit©«af 1 0 * M/ 

c m 3 WTTfKifCfi«<b*i v tT *x H/-f->iAOf 

(HJ60J2 6-3 1) 
25 ^«S0iJ2 6-3 1 KIOUT** * 1 7 (a) (b) »itF«18 

(a) (b) fc5l±WWj£©«38*« : fcM*SJRSj5*-ro S17 



WO 99/57344 PCT/JP99/02336 

5 3 

(a) (b) tfit&tfim lOQc mCD^g{C^5*©> gl 8 (a) 

(b) W&tfzmO . 0 .2 Q c nKDtg&lZ&kZ fcOT'fe S. *^IS(E0iJ-efciu 
£*«8ft1bfej|gril<c % 3HJfc0>J 14-16 fcRtlK l25tc^-r«fc5feC 

5 (Tm) ~8 0 0 o C*-C(i2 . 4°C/#*»e>l. 5 °C/^©i5ffl^ > ^ 

ra^fSH-r^-ctw^v^T 2 . o •cy^^©^^-^^^ so 

O'CtPb 4 0 0°CGDtSB& 1 . 6°C/#7!)»e> 1 . 2 °C/:fr ©$SB^ g[ 

iz&istzmmhmm-c-, mmm 2 6 ^i&mmiy^^x-i&mm, nmm2 
15 mmm3 i\±-mmm\y^^X'-mm.m<Dmmx^>^ 0 xt^4^t;ni: 

h l/— h > 'J 3 > ^ iLJ\<D&Mtf> <b&£ 1 ;Umi;T'©^ii$£^ 
Ts jtg&ITT* 0 . 1 AmW±©*M&& 1 • OxlO'I/cm 1 
W T T- gg^ ft > itS 2 0 nmJ^±©^'J^PlS^^V^T4> 
#M£<fctf#?-iifr 1 /zm£-C©fgJ^-e 1 0 4 fi/cm 3 WFT-Si 

20 ^KHgM<fb£ftT H So -9-^^ h b — h t? *J\CDB£rpibmn {JDV? 

-C-&2 0 nmttiO^d^Pfi^tt^f ft©ssn* 1 . 0X10 



WO 99/57344 PCT/JP99/02336 

54 

(mmm3 2-37) 

il«3 2~3 7toUt*> ^17 (a) ( b ) £ <fc VSl 8 

(a) (b) fc§|±-tfW«0«a*ftkWffitt**w"ro ft£s m.n 
5 (a) (b) #JgJrG3s 1 0 Q cm©git#5*0> &1 8 (a) 

(b) tfl&ffimo . 0 2 Q cm©gSt«5*)Otfe5, ^JS^JT* 
Mf££#i2inU-fcJ6£il{^ 1 7 ~ 1 9 2: W*. El 6 £.mt J: -5 ft C 
Zi|i|»iiWja««4J8UT5IS±W , Wjabfco Sjg^^aJMSJi^HSS 

(Tm) ~ 8 0 O'C^T-H: 6 . 5°C/fl-fr£2. O^C/^C^HT^ * 
10 &fc 8 0 CTCfr 6 4 0 0 °C©ggffltt 2 . OMfrfel. 

17!, Tm*»e. 8 0 0'C©±T©^iM^^t*^T2. O m C/&&. 

±(D$}%immi-e, <*££x 8 o o °ca>£ 4 o o -co^-coitaiftflEflH* 

»£:}3«ka t &iS3iteefc*§lfl60!l 5 ~ 1 0 KgaiEbfcm&fcMT-s 
M3 4l±®Iil/^;vcMls HS!6^I3 5 l/^^Tf 

*SE*±^f n©*«* 1 . 0 x 1 O'fi/cm' ttTT!&IS-*in 
U^;UT'. * 1 jum&-e©«*fcfc^-t 4» 1 0 ! I 

/cm 3 U^;i/fr*ft«T*C«*lfcffi*SftT^S. itg^^T- 2 0 n 
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5 5 

mfc^Ott/J^KMfco^Ttt^-rixOlSB* 1 . 0x10 10 <B/c 

m 3 *i&#£b, i G»*c*«ia;^i«ow*ftfliira* t *e»n* 0 a*, 

(^Sf60»J3 8-42) 

*mmm3 8-4214, MMsnbfcttaipfeWDaiufrxMinx 

.t^SJitbs *<D&*\Z9*t/ + frm & 5 Aimi§«bfcS' 'J 3>^z£# 
15 ajfeT-feSo 2^SgJig^J-e S/ "J 3 + 1 . 0x10 

I9 atoms/cm 3 U ^;i/©i£MT*;!poR3?Si&&# 1 . 0x10 18 atoms/cm 3 

*<DmmWi&& 5 . 0x10 l3 atoms/cm 3 W± 1 . 0x10 ,6 atoms/cm 3 
WTn 3sJLVl&&#<Dmmmm& 1 . 0 x l 0 I7 atoms/cm 3 W±©fSB 

lkM®K£*ttft£VffMJIlIi*l 9 (a) (b) J3J:VS20 
(a) (b) l:^t. &*>\ 119 (a) ( b) tf&lfi^ 1 0 Q c m© 
JgUfc&Sfc©, $20 (a) (b) tf&iri^ 0 . 0 2Qcm©Sil: 

25 ffl^T3l±ffWf£bfco *SB#SJj£«fc*&@S& (Tm) ~8 0 0°C£ 
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5 6 

fc£^T2. 0 0 C/<4m±-el±fcfrofco £fc 8 0 0 °C~4 0 0 "C<D*g 
a»K*«fc*V^Ttt 1 . 2°C/#fr£>0. 5"C/^<OttHT?*&1"b% 

mig^j 3 8 3 9 tt*M&3i$iHi©«i**JiafcK>% ^n?tiArfa^ 
feftH^i^-e iioo °ct? 60^ mmm 4U4 2.fcfc*&*&3$&& 

5 fc«K ?tl?nArfl^-e 1 0 0 0 °CT- 6 O^tArt 

m$*-c 1300 'ct- issmw-e o . 1 /zm&± 

1 jumS-COaWfcfcW-SftBEfl-fffcov^ ^J£0iJ 4 Off) 
M*H»*M&a*»^-Cx 1. OxlO'I/cm'ttT'CKBD 

i/ ;i/ w a » mMM4 o z;\ts b 

l^^?L^KI©?gS{i 1 . 0 x 1 0 3 m/ c m 3 U ^^-C^Sfefc: 
;\©#®fr 1 /imSffflta-e 1. OxlO'I/cm 1 JUT£ 

jfeoT* z> mm ttx. mm ft Zo vyxtxs-w 

*M©Jp$«iO«« (>*;i/*fcH*) T-t± 2 0 nmiUOt'J^MIi 
i^-f ft©iigll£ 1 . OxlO'i/om'filiT?*^ IGMCta 
fc^|Si&cD®it&ti;&D#Ji6*i,£o i&jgi: bTtts BiAS ZWhtemtfift 
8¥-r£<£l*J#fc >K 1100°Cfr£>120 0°C*Ig#S?£ bl^o 
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5 7 

5 (fdJ!60iJ 4 3 - 4 5 ) 

^s^ite^J 4 3frS> 4 5fi> ^S^inbft^T*. i&giismf Wf£B$ K 

tp<D&mm&.& 1 . 0 x 1 0 18 atoms/cm 3 O&Wig. b^;U£S8 bTf3& 

tsis, #ssjfi0!ifc:ii&ft3»*i±x ^i^ciiia^i. oxio 

15 "atoms/cm 3 tt±CD«H-Cl!ia* nfc«gii7?* Jx«iafll«:»**^ "T ^ 
fcSIBbT^S. #*««©«&*tt*J:rmfa»JKtt*l 9 (a) 
(b) ££0^2 0(a) (b) twt. ft^ *19 (a) (b)# 
1&tn,& 1 0 Q cmCD25§Hlc:&£ S20 (a) (b ) 0 . 

0 2Qcm®^FaCiStiOffeS. MMM 4 3 fciu E]4£^-r<fc-5& 

20 C Z#MWrtJ»«4«V'k-C§l±l:r«fiSU ^^^3I3i^ti^@MS 
(Tm) ~ 8 0 0°C^t?l±6 . 0°C/#fr£>2. 0 °C/#©SSfflT*. T 
m*p£ 8 0 0*C©±-C©ISBia*««fc*^-C 2 . 0 D C/$m±©ifrSJ 

a*-c*-3fco 8 o o o c#£ 4 o o«c©*siiisg&H©#ifl5&&&> 2. 

0°C/#~0 . 5°C/^T?i^f b*^®^S5fflCD-r^Tfc*^-C 1 . 
25 O°C/^W±0^ai^^T?l±** s -3feo §gfflE0>J4 4tt, EI 5 fc^-Tcfco 

&M©*aiiB*ft»«>3atii*R«b& c z#^^w^^s^fflv>-r 
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5l±lfWfifcLs *Sil#SIJ£l§£H:»@af£ (Tm) -800°C^-C{±2. 
0*C/^W±O^»3**-e«±3tev^#s 800 °Cfr*>40 O'COfSfflfcfc 1 . 

^fflV>T§[±lfWfigbs !^S^ai3i!iEI±S5HaS (Tm) ~ 8 0 0°C£ 
T'(4 6. 5°C/#a>£2. 0 0 C/^0|i5H-e> * 5, 8 0 0 °C*> h 4 0 
0°COl5Htt2. 0°C/#fr«ol. 2 0 C/#©gSB-e, Tmi??.80 
10 0 o C©£T©!@JliSg3l^C:*5^T 2 . 0 V/ ft &>±<D ft £ 
fcfcx 8 0 0°Cfr£ 4 0 0 , C©£T©ttafifle««fc:*UT 1 . 0 °C/ 

o o°c-e 6 ofi-mmistzo i@is^«> 4 0 o'ciToasist^t 

20 bfcfc&fr-sfc,, 

(mmm4 6-48) 

*mmm4 6*>£ 4 ait, $aikz\±tfiif&mizmm*miu\s. tf-om 
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59 

mmtpcommmmifi 1 . o x 1 o i9 atoms/cm 3 w^jvoism&^mmm 

mtfil. 0 x 1 0 1B atoms/cm 3 bTia«Bi-£#s * 

5 ni&miz%t>tizmm&, mm^ommmm&s . o x i o i3 atoms/cm 3 

fil±l. O x 1 O "atoms/cm 3 WT* feiMIS^l. 0 x 1 0 17 a 
toms/cm 3 K±0«I'CBa*ftfcil , C*jHf H*ft»*S*ti: !: 
*«BLTVn3. *^«60!|OSijg|fe^*«tVfPfiBi^mi±^ 1 9(a) 

(b) ££#£2 0(a) (b) tZmTo ft*, HI 9 (a) (b) # 
10 1 0 Q cm0^r B t:i5*0, i20 (a) (b) 0 . 

0 2 Q cmffl^i(:«S*©^35 5, USStfiJ 4 6 i± s 04fc^-r<fc-5& 
»S©ttSIfiB;bSWM>5««*K!«bfc C Z *ttffi«fi!l£C&ft^T€l 
±tfWfifcb. *SHtfSJ«&fc*}&Bi&& (Tm) - 8 0 0 •CSTtt 6 . 

0 0 C/#fr 6 2 . 0 °C/#CDggHT^ Tmfrf> 8 0 0"CCD^t©^§S 
15 &&®tzi$\,\-C 2 . 0 °C/#W±CD^S]j$K-e;fcofco 8 0 O s C*5,4 

0 0 a C®f£il&ttggB(D*3J3l&tt> 2. 0°C/#~0. 5*C/£-C& 

rutittaftiSHCD-r^Tfc^^-r 1 . o °c/#j.;j(.±cD#ipsi£^«& 

SlfbfeC Z *«ga*J«««*ffl^T5l±{fTlf*bs ig^^a^^tt 
20 ( T m) ~ 8 0 0 °C*T?{i 2 . 4"C/fl"j&»6 1. 5°C/#®f5 

ttfilttl&Hf ^TfcfcV^T 2 . 0 °C/fr}ZX±.(D)$mmg.-Cl±l3; V* 
tf> 8 0 0*C*»e> 4 0 O'COfSBtt 1 . 6"C/#jb»e>l. 2°C / /#©$S 
H-Cx ttlKKBO±t®iAlHM«C«V^ 1 . 0 •C/#«±©# 

0JISIiIlfiI (Tm) - 8 0 0°C|fl±6. 5°C/#*>e>2. 0 °C 
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6 0 

/#©$5HT% $f ) l: 8 0 0 8 Cipt.4 0 0 t CO{§i«:2. 0°C/#fre> 
1. 2°C/^Of5HT?> Tmfr£> 8 0 0 XJ©£T©fS»fi*«*K:*V> 
T2. 0 0 C/#W±©tfr3j]^J£'e. ^f?»C^ 8 0 0 °Cfr £ 4 0 0 °C©£ 

>»> z;\Oi$&lU:A rglM-C 110 O'CT- 6 O.^Httbfc- ^©S. 

gfrMO 0T3*^©»flE«ttr^T*ft«>Lfcissfc:m>T&R&*ise 

10 ■*-;i/JB#HT©&H8*SE* t 1 0 2 i®/ c m 3 l/^i^?n«T©iSi^ 
Jbffitt2 0 nmW±©*Pfe?g&f± 1 0'1/cm' I 

tt»8ir*^PiiSM**iyT^So mHkmwm&<Dx.\z**i/*)\, 

15 df.^^;uS-v©^l§mui±«:ip-pfeo 
(ifcf£0!l4~6) 

©««WrtWC5ie±tf Wflltl^ iigJi^a]3£££«:M@SgE (Tm) ~ 
20 8 0 0'C$fl±2. 4°C/#fr£>0. 8 °C/#©«SB-t-4&^ b*>^i&& 
ISBf ^T££V>T 2 . 0 °C/#WJhTfci:&frofco Sfc8 0 0'C~4 
0 0 *C<D$£&Ummi&£&^X\± 1 . 2"C/#fre>0. 5°C/#©f5B 

WfiRbfc^u n>#»at±. e7i7\inxa s -fx* fu- h ^^^tb 

»«4fP«l/fc 0 #tt*W©SS*fe{*:feJ:tmffiilgr*fcm2 1 (a) 
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(b) £J:tf&2 2 (a) (b) £^-fo &*\ m.2 1 (a) (b) # 
m,tn^ 1 0 Q cni<D^i:|^^ ^22 (a) (b) ^SJrt^ 0 . 

0 2 Q cm©*SBfc€RS*©"C*So Jtlftfll 4 &®&3is JfclRfliStt* 

-T5Mlp]{±fe5 4)©CDs 5. 0 x 1 0 4 M/ c m 3 WTt-lifc 

1 0 s ffl/c m 3 \s^)\s(D-mmm-C&2>o mm&n"Z 2 O nmHjtOl 

£>S?2 1 /imitOiit^^-C, ^&#5. OxlO'I/cm'tt 
Ttt^^-fr-f 1. OxlO'i/cm 1 W±OU^;i/"e*S. —2k -tf- 

^hv- h ^iAfflfs«i« i^)\s?mn) -ei± 1 . 0 x 1 0 7 

<tbtt«l7~9) 

m&k&5. 0 x 1 0 1 s atoms/cm 3 igt b> &A ^©^JiiitJ&a* 5 . 
Oxio 12 atoms/cm 3 g&i: Ufeo -r£fc>*>x mmWiium.\tnS.t Ufco 

1ir03lfiilW«««-C5l*±WW«Ux &Hi*i|J3£&fci:«HS& (Tm) 
~ 8 0 0-Cttl±2. 4°C / /#fr'b 0 . 8M©«lf«ft*llEl 
flEttHI-^Tfcfc^T 2 . 0 , C/M± - ?iiftfrofe. lfe8 0 0'C~ 
4 0 0"C©te«fiflE***fc:$3V^a: 1 . 2 °C/#*» e> 0 . 5 °C/^©$5 
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5 (b) ££^22 (a) (b) CSt. fc^ *21 (a) (b) # 
iK$lOficm0^Il:«54ffl> t22 (a) (b) #3gffi3s 0 . 
0 2 Q c mCeitlStiOTSS. ftlRft 7 ttfg^^> ttmm 8 fcfc* 

- h * x/A©#®ip i wms-coiaic^iM, mmwknwj 

10 X#0. 1 MmW±O^B (fflJL^K) «ffi«li|t©*-f X*»2 0 

nma±CDt*/J*&«©*tfEfcov*Ttt]fc««l 4-6 i:SS|aIiT\ 

— ^ h u— h t ^jwm&tpibm® (mizmm cult 

15 ^^Pis^moJiipttB^n-r i . o x i o'i/cm 1 i/^^t, nf 

J»ffll«fc*^T, •> xs\fcfc Oftfflu^fl/OlSa^RBOJKfig (tt**f 

20 ftot^fe. 

(Jfc805 1 0) 

itttfliott, g&©8SJnm&SSg§l±i:fWfiSiSK i!i^*cD^^sm 

#4. 5 x 1 0 "atoms/cm 3 m.8t£ Us l^^^O^^JiS^ 3 . 0X1 
0 18 atoms/cm 3 mmt bfc 0 -Tfcfc-fc, gfUfc^fc:^ < ^in bfco |» 
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8 0 0 "CaL-CJi 2 . 4 °C/fri> b 0 . 8 °C/#©i5HT'i&-r b & KiS^ 
«H1-^Ttl*V%T 2 . 0°C/^W±ft±^:*>ofc 0 ^fe8 0 0°C~4 
0 0 ■CCifcBMiSJttKHS^TB: 1 • 2 "C/^fr e> 0 . 5°C/#©$5a 

"bfettaflettBBV^r k*v>t 1 . o'C/fl-fi^tfttftfr-sfco 

*0«Bfc**&BJlft '5 /zmaiK*:Jp$/*;Uffc&£-tJ-> U 3 
a6«fttt»bfc« *Jfc««ffl»3a&fl 1 :6.fctf»fli»*fcfc&2 1 (a) 
(b) #&Vm.2 2(a) (b) tcrnfc i!2 1 (a) (b) # 

1 0 Q cm©!gIl£^S&0s t22 (a) (b) &&&& 0 . 
10 0 2 Q cmCDgSCIJlO-efeS. = K # * -V ;vjf * X* h u — 
h I A©|HBfr 1 Am^T'CD^C^Ts fig&J£©-!t>f X 

tfO. 1 x*m«±©&H8 (fflJL^RB) tSii©^^ X** 2 0 n 

m fit ± © $c /Jn & Rl CD flf m. K ^ t tt & X © ® HI S> « in K ft -a fc * # 

3i t; * * 2/ + ; i/ Jf if fc ^ H& » fife *» B £> n £ . 



m 
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£9 (a) > U 3 VgtRtfcgffi; : 1 0 Q - cm 









MM* 
/cm 3 


mm/^ 


/cm 3 


/cm 3 


Tm~800'C 
>2.0°C/# 


800-400'C 
>1.0*C/# 




mmm 5 


1.0B17 


0.8 


1.0E14 


3.0E17 








^SSfi^j 6 


2.0E17 


0.8 


2.0B14 


8.0E17 








mmm 7 


5.0E17 


0.8 


5.0E14 


9.5E17 








^SKM 8 


8.0E18 


0.8 


7.0E15 


3.0E17 








HIJEflaj 9 


1.0E19 


0.8 


1.0E16 


8.0E17 








mmm 10 


9.0E18 


0.8 


8.0E15 


9.5E17 









O : «5fflrt> - : fSBStt 



5 jg9 (b) 











1MX>0.1/*m 
/cm 3 


tT-f X>20nm 
/cm 3 


If-f X>20nm 
/cm 3 




^ifcfly 5 


9.0E2 


1.5E5 


1.0E9 




6 


9.0B2 


6.5E5 


5.0E9 




XIKM 7 


8.5E2 


6.0E5 


6.0E9 




SKIKffl 8 


6.0E2 


1.0E5 


1.5E9 




Mtti 9 


6.0E2 


5.0E5 


6.0E9 




*S£0»J 10 


9.0E2 


5.5E5 


8.0E9 
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mjO (a) *s D 3 »gltatt : 0 • 0 2 0 • c m 









/cm 3 


§i±iSS 
mm/£h 


/cm 3 


/cm 3 


Tm-800°C 
>2.0°C/# 


800-400'C 
>1.0°C/# 




mmm 5 


5.0E16 


0,9 


5.0E13 


3.0E17 








ftftffl 6 


1.0E17 


0.9 


1.0E14 


8.0E17 










2.0B16 


0.9 


2.0E13 


9.5E17 










1.0E19 


0.9 


1.0E16 


3.0E17 








^JSOT 9 


1.0E19 


0.9 


1.0E16 


8.0E17 










1.0E19 


0.9 


1.0E16 


9.5E17 


_ 







O : ffifflF^ - : 



a 10 (b) 











tM;X>0.1/zm 
/cm 3 


X>20nm 
/cm 3 


If -f X>20nm 
/cm 3 




5 


8.0E2 


1.0E5 


3.0E9 




^MM 6 


8.0E2 


5.0E5 


6.0E9 




*JE0J 7 


7.5E2 


5.0E5 


6.5E9 




XJKffl 8 


5.0E2 


1.0E5 


5.0E9 




mmm 9 


5.0E2 


4.0E5 


8.0E9 




§iJE0] 10 


8.0E2 


5.0E5 


9.5E9 
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^11 (a) -> U =» >S<gfcbjgjrt : 1 0 Q • c m 









mmmm 

/cm 3 


SI±3ME 
mm/£- 


/cm 3 


/cm 3 


Tm-SOO'C 
>2.0°C/# 


800~400*C 
>l.Q°C/# 




nmm n 




1.2 




2.0E17 


O 






mmm 12 




1.0 




8.0K17 


O 






*ffi#J 13 




1.1 




10.0E17 


O 







O : - : 3SH^ 



an (b) 





3L tr#ffi—?g^ l/xm^BI 






*MX>0.1/zm 
/cm 3 


•th-T X>20nm 
/cm 3 


If >T X>20nm 
/cm 3 


<@/^ 


mmm 11 


3.0E3 


1.0E4 


1.0E8 




*J£#J 12 


5.0E3 


2.0E4 


5.0E8 




JtffifiM 13 


6.0E3 


4.0E4 


5.5E8 
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a 12 ( a ) «> U n >SfetfcSm : 0 . 0 2 fl - c m 









?Hl ls£ ^ 

/cm 3 


mm/# 


/cm 3 


/cm 3 


Tm~800 8 C 
>2.0 w C/# 


800~400'C 
>1.0°C/# 




XffiftI 11 




1.0 




2.0E17 


O 






*!SOT 12 




1.0 




8.0E17 


O 






fSSSW 13 




1.1 




10.0B17 


O 







O : 36ffll*K - : «SB* 



mj2 ( b) 











•*M X>0.1#m 
/cm 3 


V( X>20nm 
/cm 3 


X>20nm 
/cm 3 




^SS^J 11 


2.0E3 


1.0E4 


2.0E8 




mmm 12 


4.0E3 


1.0E4 


6.0E8 




^as^j 13 


5.0E3 


4.0E4 


8.0E8 
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m 13 ( a ) v 'J 3 >&&ttt&tA : 1 0 Q • c m 









/cm 3 


mm/^ 


/cm 3 


/cm 3 


Tm-800°C 
>2.0 e C/# 


800-400'C 
>1.0°C/# 








1.0 




3.0E17 




O 




is 




0.9 




8.0E17 




O 




StSEfl] 16 




0.8 




10.0E17 




O 





O : Kffl!*K - : 85H^ 



» 13 ( b ) 





1/im^Pfi 






1MX>0.1yum 
/cm 3 


1M X>20nm 
/cm 3 


f-f X>20nm 
/cm 3 


(H/£ 


X1K0I 14 


7.0E3 


5.0E4 


6.0E6 




§gS£#J 15 


7.5E3 


9.0E4 


2.0E7 




MM 16 


9.0E3 


1.0E5 


4.5E7 
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m. 14 (a) >s U n >ag<gtb«tt : 0 . 0 2 0 • c m 









Si §^ 
/cm 3 


mm/# 


/cm 3 


/cm 3 


Tm~80a°C 
>2.0°C/# 


8Q0~400 a C 
>1.0*C/# 








0.9 




3.0E17 




O 




15 




0.8 




8.0E17 




O 




nmm i6 




0.8 




10.0E17 




O 





O : «BF*K - : <6Hi* 



K 14 ( b ) 











tMX>0.1/zm 
/cm 3 


vC>20nm 
/cm 3 


■y--f X>20nm 
/cm 3 




mmm u 


6.0E3 


4.0E4 


7.0E7 




^ffifiW 15 


6.5E3 


7.0E4 


4.0E7 




^JEOT 16 


8.0E3 


9.0E4 


8.0E7 
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g 15 (a) ; '> D 3 >Sfehbfegi: : 1 0 Q • cm 









/cm 3 


mm/*}- 


/cm 3 


H S§ ^ 
/cm 3 


Tm~800'C 
>2.0"C/£- 
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* ^fcHS&HT' 0 . 1 Aimfil±©«ll&Plf&©«fflE** 5 x 1 0*{I/c 

20 m 3 WT-C*4ifc*»«4:r*il*0«Hf» 1 5 9Cia«CDS/iJ 3 > 

17. frlB-y-^^ b U— b •> 1 . Oxl0 13 atom 
s/cm 3 W± 1 . 0x10 16 atoms/cm 3 «T§t bT&-5m#0f8B® 1 5 
JlSfctt^ 1 6 31 CABS®*' <J 3 >^^{**t6„ 

25 18. b I/— b x/\®J**4"bC:l3^'CH ft Sift Jl"? 2 

0 nmfi^©*^*?!!**** 1 x 1 0 8 ffl/c m 3 6t±T?<fe5K*0« 
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mm i smztctzm i 6 atsttoi/ ') ^ >*m#&WLo 

19. BuIB-tf-T"* h h * *J\(DBfrtp>tilzls\,\T, 2 
0 nm{2l±OM*IBttKtf 1 x 1 O'f/cm 1 ]21±T?;& £ft#©«& 

5 2 0. 1 . 0 x 1 0 l8 atoms/cm 3 W± 1 . 5x10 l9 atoms/cm 3 WTO 
S^S^tSf 'J n >»*S«lr>T*J*bfc$' U 3 

10 2 1. f 3 ^ 7 Jf-SC £ D s HBfiS* 1 8 0 0 'COgB^fig 

mm* 2 . o •c/^iiticDttSJi&m-t-WfifcbfcS' u n >m&§kfr £f§fc 

15 2 2. s 9 ^>VX*c — <fc D 8 0 0 °C~ 4 0 0 °C CDMHiSSfSB 

<£ l . o •c/«-tt±o^»ajlE-e*fiJlbfcS/ u ^ &»te^ 'J 

.20 2 3. f ai'7;v^^-St:J;DW«Ufei' , J3i/*eST*ot, 

j&H5i±w u 3 >%-%£§&&&mum.& *> boo -co^nis^is 

B£2. 0°C/#Jit±©ifcS]&&-t-Wf£U 9l»tt$ 8 0 0°C~4 0 

o*c©*§ii?a&iSB£ i . o°c/^w±o^aiji^T'Wfifebfe^ u n > 

25 a: ft: J: 0 ♦✓'J3>#«Mft««t*ut*#tkt* 
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2 4. 1 . 0x10 "atoms/cm 5 1 . 5x10 "atoms/cm' «T© 

ttH« 2 1-2 3^fcf3«80^ U 3 >4&#{*£tii0Sl&2rtt. 

U3>*iAftlOO0 e CJil± 1 3 0 0 WTClfi-C 5a-fil±*M&« 
£ bfcfcwfci?-:^ M/— hfrxAfc b-€-©Mfc:> :n £ * * S' -WV & 
fctDi^'Ja ^#^^®*«ia-rsit^6DlSa 2 1-2 3 JS£fB&©>> 

2.6 . * — »fc J: 0 WfifcbfcS/ iJ3>#«»fr6#fei' 

U n >^iaS 1 0 0 0 •Cfel± 1 3 0 0 'CfitTOlSt 5 #Jil.±$ft*ni3I 
* bfefcofc-y-:/;* M/— hfrx/xfc b*©&iifcN xK**i/*;uiS 
fc«fc t) 'J =1 >i£iigIiJf £*aiT3if#cDSSHfll 2 4 3®{Cf3«©^> U 3 



2/6 




4/6 




5/6 




WO 99/57344 



PCT/JP99/02336 



6/6 



7 



10" 9 



10" 



■10 



m 



10 



10" 



•12 



Cu.Ni.Fe&S^i : 1.0 x 10* 7cm 2 





Ni 






: GK^ 


\ 




I 








i : 

^ ; 



10 6 



10 7 10 8 10 9 

fCM xmm ( fa /cm 3 ) 



10 10 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP99/02336 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI 6 C30B29/06, H01L21/322 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 6 C30B1/00-35/00, H01L21/02, H01L21/322 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 ToroJcu Jitsuyo Shinan Koho 1994-1999 

Kokai Jitsuyo Shinan Koho 1971-1999 Jitsuyo Shinan Toroku Koho 1996-1999 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
CAS ONLINE 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
A 



X 
A 



JP, 6-279188 f A (Mitsubishi Materials Corp.), 

4 October, 1994 (04. 10. 94), 

Claim 1 ; Par. No. [0013] (Family: none) 

JP, 8-250506, A (Toshiba Ceramics Co., Ltd.), 
27 September, 1996 (27. 09. 96), 

Claims 3, 6, 7 ; Par. No. [0021] (Family: none) 

JP, 10-98047, A (Wacker Siltronic Gesellschaft fur 

Halbleitermaterien AG. ) , 

14 April, 1998 (14. 04. 98), 

Claim 2 & EP, 829559, A 



JP, 7-206591, A (Nippon Steel Corp.), 

8 August, 1995 (08. 08. 95), 

Table 1 ; Comparative Example 2 (Family: 



1 

2-26 



12, 14-16, 18 
5-9, 13, 17, 19 



1-26 



21-26 



none) 



| | Further documents are listed in the continuation of Box C. f^] See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international filing date 
"L" document which may throw doubts on priority ctaim(s) or which is 

cited to establish the publication date of another citation or other 

special reason (as specified) 
"O" document referring to an oral disclosure, use, exhibition or other 

means 

"P" document published prior to the international filing date but later than 
the priority date claimed 



"T" later document published after the international filing date or priority 

date and not in conflict with the application but cited to understand 

the principle or theory underlying the invention 
"X" document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive step 

when the document is taken alone 
"Y* document of particular relevance; the claimed invention cannot be 

considered to involve an inventive step when the document is 

combined with one or more other such documents, such combination 

being obvious to a person skilled in the art 
" &" document member of the same patent family 



Date of the actual completion of the international search 
3 August, 1999 (03. 08. 99) 


Date of mailing of the international search report 

17 August, 1999 (17. 08. 99) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



m&mm&tir pct/j p 9 9/0 2336 



a. m\<nmi>z>&&<nftm immm»m o pc) ) 

Int. CI. 6 C30B2 9/06, H01L21/322 



»3iE«:tTofc«/M»S» (imttffttHB (IPC) ) 

Int. CI. • C30B 1/00-3 5/00, H01L21/02, H01L21/322 



0>fC®^ffifT^^ 1926-199 

B*l^Bf)3lfflg?^$g 1 9 7 1-1 9 9 9^ 

0*®S&l£ffi£r^$& 1 994-1 9 99^ 

B*S3£ffl$r£3&£ttil 1 9 96-1 9 9 9^ 



CAS ONLINE 









X 
A 

X 
A 

A 


JP, 6-279188, A ' {EJ&rrT V 7Vl4feA&tfc) , 4. 10 J? . 1994 
(04.10.94), im^mi] , [0013] (775^^1) 

JP, 8-250506, A (jfC^ 9 5 V Z ^**^tfc) , 27. 9£ . 1996 
(27.09.96), im&m] , [ff*^6] , [»#«7] , [0021] (7 

r 5 y -ft L) 

JP, 10-98047, A (!7y*- • v?/Vfn^^ • >/if/Wv--r^ h • 7a 
h ) , 14. 4J! . 1998 (14. 04. 98) , & EP, 829559, A 


1 

2-26 

12, 14-16, 18 
5-9, 13, 17, 19 

1-26 



[x] cm<Dtii$thxmmmzfrx^z> 0 



0 3. 0 8. 9 9 



®ksis^«^^«2ih 1 7 08 99 



B^O^/f ( I S A/ J P) 
100-8915 



3l. + g| «[ 



#1 



4G 



9 4 4 0 



^SS#^ 03-3 58 1- 1 1 0 1 (^H 34 16 



^PCT/ISA/2 10 (^2^<—^) (1 9 9 8^7)]) 



m&ftmm*§r pct/j p 9 9/0 2336 



$\mxm<o 



JP, 7-206591, A (£f?B 4MK£3£H±) , 8. 8M . 1995 (08. 08. 95) , 
[*1] VOgtWl (7r§5-ftL) 



21-26 



i^PCT/ISA/2 10 (l2-I-^#) (1 9 9 8^7^) 



